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In ancient Egyptian buildings, such as pyramids and pylons with inclined walls, the 
inclination was contrived to give a horizontal displacement measured in palms, half-palms or 
quarter-palms for a drop of one royal cubit of seven palms. The inclination of the edges 
between adjacent walls was not relevant to the design. Evidence is presented suggesting that 
in two-dimensional art the obliquity of slanting lines may have been determined by a similar 
system, but with a drop of six units instead of seven. After the introduction of the squared 
grid, obliquity was probably controlled by reference to grid intersections. There is no valid 
reason for supposing that the irrational numbers r and + were implicated, except coinciden- 
tally, in the inclination of pyramids or in the obliquity of slanting lines. o 1985 Academic press. 
Inc. 
Bei alt5gyptischen Bauten wie Pyramiden und Pylonen wurde die Neigung der Mauern 
festgelegt, indem die horizontale Versetzung (der Riicksprung). gemessen in ganzen, halben 
oder viertel Handbreiten, auf eine HBhe von einer kdniglichen Elle gleich sieben 
Handbreiten angegeben wurde. Die Neigung der Kanten zwischen benachbarten Mauern 
war ftir den Entwurf nicht mal3geblich. Es werden Belege dafiir vorgelegt, dalJ such in der 
zweidimensionalen Kunst die Steigung geneigter Linien in Bhnlicher Weise bestimmt wurde, 
aber bezogen auf sechs statt auf sieben Einheiten. Nach Einfiihrung eines quadratischen 
Netzes wurde die Neigung wahrscheinlich durch Bezug auf dieses Netz kontrolliert. Es 
besteht kein Grund fiir die Annahme. die lrrationalzahlen r und $J h&ten eine Rolle gespielt 
bei der Neigung der Pyramidenseiten oder der Schrtige geneigter Geraden, es sei denn rein 
zuftillig. 0 I985 Academic Press. Inc. 
Dans les Cdifices de I’Egypte ancienne. tels les pyrdmides et les pylBnes aux parois 
inch&es, I’inclinaison des parois etait telle qu’& un deplacement vertical de une coudCe 
royale de sept palmes correspond un deplacement horizontal de une, une demi ou un quart 
de palme. L’inclinaison des a&es entre deux murs adjacents ne jouait aucun rBle dans la 
conception. Certaines indications suggerent que dans I’art bi-dimensionnel, un systeme 
similaire, base sur un deplacement de six unit& au lieu de Sept. permettait de dCterminer 
I’obliquit6 des droites inclin6es. Apres I’introduction des quadrillages. I’obliquit6 etait prob- 
ablement determinCe en ref&ence aux sommets de la grille. Aucune raison valable ne nous 
permet de croire B I’implication. autre que fortuite. des nombres irrationnels n et + dans la 
determination de I’inclinaison des parois des pyramides et de I’obliquitC des droites incli- 
&es. kl 1985 Academ,c Prob. Inc. 
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The purpose of this paper is to demystify the mathematical basis of ancient 
Egyptian architecture and art: that is to say, to relate Egyptian methodology to the 
practical procedures which are known from written records to have been in use, 
and to dispel the notion that they necessitate a knowledge of irrational numbers 
such as 72 and 4. It is not concerned directly with aesthetics, many aspects of 
which have been treated in Schafer’s standard text [1974] translated by Baines. 
1. INCLINED PLANE SURFACES AND THE ROYAL CUBIT 
We know from the pyramid exercises in the Rhind mathematical papyrus [Peet 
1923,97- 1001 that the ancient Egyptians used a simple trigonometry for determin- 
ing architectural inclinations whereby the horizontal displacement was measured 
in linear units called palms for a vertical drop of a royal cubit consisting of 7 
palms. The palm was approximately a hand’s breadth, and in a well-built man of 
those times the distance from the elbow bone to the fingertips was 6 palms. This 
distance, the so-called small cubit, was one which it was convenient to use for 
everyday measurements [Robins 19821. The architectural royal cubit, which was 
marked out on measuring rods, was longer by 1 palm. The metrical unit of inclina- 
tion was the seked [ 11, a word which may derive from the Egyptian root meaning 
“to build.” In contrast with the modern concept of the gradient of a straight line, 
the seked indicated the degree of flatness rather than the steepness of the incline, 
since it depended on the cotangent rather than the tangent of the angle made by 
the plane surface with the horizontal. Thus, the steeper the incline, the smaller the 
seked value. 
The inclinations of the faces of surviving pyramids have been measured at 
various times by standard surveying methods, and the results for the angle made 
with the horizontal have usually been given in degrees, minutes, and seconds: 
Lauer [ 1960, 19741 is exceptional in having used ratios related to Egyptian metri- 
cal units. The standard text on the pyramids of Egypt is Edwards [1947/1961]; 
Baines and Malek [ 1980, 140-1411 provide a convenient and comprehensive list of 
pyramidal inclinations in modern units. In some cases, but not all, the values that 
they give when converted into the Egyptian equivalent yield simple fractions of a 
seked. Where no simple equivalent is obtained, the question must arise as to 
whether the value obtained by surveying is a true indication of the original inclina- 
tion of the pyramid, particularly as different authors often cite significantly differ- 
ent values. All pyramids have lost most of their original outer casing and most 
pyramids have lost all of it, so that the surviving surfaces are extremely rough. 
Some form of averaging procedure must be used, involving the placing of markers 
at different levels on the pyramidal face. It occurred to us that this averaging 
might be achieved photographically, with results at least as accurate as those 
obtained with the theodolite. Accordingly we devised [Robins & Shute 19821 a 
formula [2] for determining the seked, 
s = 7XQ(l/x2 + l/y2). 
where x and y are the apparent gradients, as seen on a photograph of adjacent 
edges of the pyramid between three of its faces. Although the method yields a 
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close approximation only, we found that if certain precautions were taken (the 
camera must not be tilted, the camera distance must be large in relation to the 
dimensions of the pyramid, and it must be possible to confirm the true horizontal 
and vertical directions in the photograph), consistent results, agreeing with field 
estimates where the validity of these was not in doubt, were obtained from photo- 
graphs with different viewpoints. For instance, seked values for the two larger 
Ciiza pyramids (the Great pyramid of Cheops and the pyramid of Chephren) 
d iffered from the accepted values by less than 0.1%. In all surviving pyramids in 
\i/hich the state of preservation was good enough to make measurement possible, 
vie found that the seked could be expressed as a whole number of palms, or as a 
%,hole number of palms plus a quarter, half, or three-quarters of a palm. The 
commonest values for the seked were 5f palms (pyramid of Huni at Meidum of the 
?rd dynasty, Great pyramid of Cheops and pyramid of Mycerinus of the 4th 
0 ynasty, pyramids of Neuserre and Wenis of the 5th dynasty), and 5a palms 
(pyramid of Khephren of the 4th dynasty; pyramids of Userkaf, Neferirkare, and 
lzezi of the 5th dynasty; and all the 6th-dynasty pyramids). 
In spite of statements to the contrary by Lauer [ 1960, 12, 87-91,941, there is no 
reason to suppose that the inclinations of the pyramidal edges between faces was a 
tlatter of importance to the ancient Egyptians. Lauer claimed that in some in- 
stances, e.g., the pyramids of King Snofru at Dahshur, the gradients of the edges, 
mleaning the ratio of the vertical distance between two points on the slope to the 
Iiorizontal distance between them, give rise to simpler fractions than those of the 
faces. According to Lauer, in the upper portion of the Bent pyramid of Snofru and 
ix Snofru’s North or Red pyramid, the gradient of the faces is 17/18 and that of the 
edges is 2/3. The height that the lower portion of the Bent pyramid could have 
reached had it been completed would have been exactly equal to half the diagonal 
c~f the base, giving the edges a gradient of 1. The figures on which these arguments 
are based are, however, open to doubt. An earlier estimate made by Perring [ 1842, 
El71 for the inclination of the faces of the upper part of the Bent pyramid corre- 
sponds to a value of 0.932 for the gradient, which is much closer to the fraction 
14/15 (= 0.933) than the 17/18 proposed by Lauer. A gradient of l4/15 is exactly 
8 quivalent to a seked of 79 palms, and our photographic method provided confir- 
mation that this is indeed the inclination of the upper part of the Bent pyramid. 
In the lower portion of the Bent pyramid there has been a considerable loss of 
9 tone from the edges near ground level, which complicates measurement; but the 
northeast edge has retained much of its casing, and by measuring this and the 
southeast edge we have found that the seked is 5 palms, which agrees with the 
q:stimate by Lauer. The apparent simplicity of the gradients of the edges of the two 
parts of the Bent pyramid are accounted for by approximating V? (the ratio of the 
seked of the face to the seked of the edge) to the fraction 7/5. The error in this 
a.pproximation is a trifle over 1%. It gives, for the lower portion of the Bent 
Ibyramid, an edge seked of 7 palms, equal to one royal cubit, and so a gradient of 1. 
In the upper portion of the Bent pyramid, the seked of the edges becomes 7/5 x 71 
:= 1% palms, which is equivalent to a gradient of 2/3. The 1 : 1 and 2 : 3 gradients 
a.ttributable to the edges of the Bent pyramid appear, therefore, to be arithmetical 
a ccidents, not of fundamental significance. 
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In the case of the North pyramid of Snofru, Lauer [1960, 901 considered that 
this was deliberately constructed with the same inclination as the upper portion of 
the Bent pyramid, that having proved to be stable. The relationship of inclination 
to stability has been discussed by Mendelssohn [1974]. Petrie [1885, 681 believed 
the gradient of the faces to be 20/21, possibly suggesting, in his opinion, a knowl- 
edge of the 20: 21 : 29 right-angled triangle, which was certainly known to the 
Egyptians at a later date [Gillings 19781. By photographic measurements we found 
the seked to be 74 palms, and so slightly steeper than the upper portion of the Bent 
pyramid and Petrie’s estimate. 
The structure that is regarded as being the precursor of all true pyramids is the 
3rd-dynasty Step pyramid of King Djoser at Saqqara. designed by the architect 
Imhotep in the form of a series of mastabas, or flattened rectangular tombs of 
decreasing size, one on top of the other. In its present state both the “tread” and 
the “riser” of each step are inclined, but on the reconstruction to scale by Perring 
[1842, Plate A, Fig. I] the treads are shown horizontal. The seked of the rising 
portion of each step is 2 palms [Lauer 1960, 941. According to Perring’s drawing, 
the distance between the outer edge of each tread and the foot of the riser of the 
step above is half the height of the step, and so is equivalent to 39 palms. The 
average seked, therefore, defined by the free edges of the steps is 2 + 39 = 54 
palms. Lauer [1974, 307-3081 has made a similar analysis of the step core of the 
3rd-dynasty pyramid of Huni, showing the foot of the riser to have a seked of 2 
palms and the width of the tread to be 32 palms, giving an average slope of 5f 
palms. One may conclude that the seked of 54 palms possessed by the Great 
pyramid and some others of the 4th and 5th dynasties is a primitive feature 
resulting from the architectural device of infilling steps which rise to twice the 
height of their horizontal surfaces, and whose inclined surfaces have a slope of 2 
palms. 
2. PYRAMIDOLOGY, IRRATIONAL NUMBERS, 
AND PYTHAGOREAN TRIANGLES 
Pyramid theorists, obsessed by the dimensions of the Great pyramid, have been 
led to claim that the ancient Egyptians had some esoteric and remarkably accurate 
knowledge of the irrational numbers 7~ and $ (the ratio 1 : r#~ being the so-called 
“golden section” or “divine proportion”) which they encapsulated in their archi- 
tecture (see [Tompkins 19711). The authority of Herodotus has repeatedly been 
cited for the supposed role of $. Herodotus II, 124, seems to say that the height of 
the Great pyramid is equal to the length of each side of the square base, but it has 
been alleged that the text is corrupt and should equate the square of the height to 
the area of each face [Bruins 19721. Such conditions are met if, and only if, the 
height is equal to < x (half the width of the base). This follows from the fact that 
4 is unique among positive numbers in differing from its square by unity. If the 
half-width of the base is taken as 1, then a height of %$ gives a value 4 for the 
apothem of the face, that is, the distance from the apex to the midpoint of the side 
of the base. The area of the face is 4, which is equal to the square of the height. 
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The golden section is supposed to fulfill some innate sense of what is visually 
oleasing [Huntley 19701, but this can hardly apply to the ratio of the half-base to 
t:le apothem in the Great pyramid. As we have shown, its proportions are to be 
explained in terms of the evolution of the smooth-faced or true pyramid from the 
step pyramid, and of the step pyramid from the mastaba. A pyramid with the 
proportions implicit in the description by Herodotus as interpreted by pyramid 
rumerologists would have a seked of 7 + V$ = 5.503 palms, giving 4 = &(I + 
T/J), the value of I .618 correct to three decimal places. From a practical point of 
piew this does not differ from the seked of 5f palms which, beyond reasonable 
doubt, was what the builders intended. It is equivalent in modern units to an angle 
\/ith the horizontal of 51”51’, to the nearest minute. 
Similar coincidental correspondences can be found between the proportions of 
the Great pyramid and the irrational number r. In any pyramid with a seked of 54 
iNalms, the ratio of half the width of the base to the height is 11 : 14, which, correct 
ta two decimal places, is 0.79. This decimal is equal to l/4 X 3.16, and 3.16 is 
8 qual, to the same degree of accuracy, to ( 16/9)2, which is the approximate but, for 
the time, remarkably accurate value of 7r that can be derived from the method 
given in the Rhind mathematical papyrus [Peet 1923, 88-891 for Petermining the 
a rea of a circle. The instructions are to take away one-ninth of the diameter of the 
circle and square the remainder. Gillings [1972, 141-1461 has discussed ways in 
which the ancient Egyptians might have arrived at this remarkable formula. The 
anost recent and, on the whole, simplest suggestion has been made by Engels 
[ 19771. If the sides of a square are divided into quarters and a circle is drawn with 
ir ts center at the center of the square so that its circumference passes through the 
aluarter divisions, the circle and the square have very nearly the same areas. 
Iingels supposes that the scribe, by subdividing the square into 256 subsquares, 
lnay have been led to regard the side of the square as equal to eight-ninths of the 
tliameter of the circle, which it very nearly is. The construction, according to 
Iingels, is based on “the peculiarly Egyptian use of square nets,” that is, grids. It 
tnust, however, be remembered that, so far as is known, the squared grids charac- 
leristic of graphic art from the Middle Kingdom onward were not in use at an 
c:arlier date during the period of major pyramid construction. It is just possible 
that the ancient Egyptians knew empirically that a 4 : 8 : 9 triangle was very nearly 
tight angled, and so were able to see that in their construction the half-side of the 
$.quare was very nearly equal in length to eight-ninths of the radius. 
Since, as pointed out above, the ratio of the half-base to the height in a pyramid 
lvith a seked of 5+ palms is 1 l/14, it follows that the ratio of the total perimeter of 
Ihe base of the pyramid to its height is approximately 2rr, that is, the ratio of the 
circumference of a circle to its radius. According to van der Waerden [ 1954, 32- 
:;3], the 33 approximation for r is first known to have been used about A.D. 150, 
I jut Mendelssohn [1974, 64, 73-741 had the idea that the ancient Egyptians may 
have incorporated rr into their architecture unwittingly, through their measuring 
methods. Mendelssohn claimed that 7~ was involved in the base-to-height ratio, 
not only in pyramids with the same seked as the Great pyramid, but also in the 
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upper portion of the Bent pyramid and in the North pyramid of Snofru, where the 
ratio of half-base width to height is approximately 37r. He speculated that the 
Egyptians may have had an imperfect concept of three-dimensional space and in 
consequence used a different unit for measuring long horizontal distances, ob- 
tained by rolling a drum along the surface and counting the revolutions. This 
theory, however, does not take account of some crucial facts. Many pyramids 
have sekeds that do not lead to a simple relationship between base and height in 
terms of 7r. The Rhind mathematical papyrus does not cite different units for 
horizontal distances and heights. It is known from pictured scenes (e.g., [Davies 
1923, Plate lo]) that ropes, rather than drums, were used for measuring horizontal 
distances. “Stretching the rope” was a standard ceremony in temple foundation 
rituals (e.g., [Chevrier 1951, 568, Fig. 11). There is no record of a “rolling the 
drum” ceremony. Finally, it is difficult to believe that rolling a drum over a rough 
uneven surface would be more accurate than measuring with a rope, as Mendels- 
sohn suggests. Regrettably, his ingenious hypothesis must be rejected. 
One further point requires consideration in this section. Why should the initially 
favored original seked of 5f palms have been totally abandoned and replaced by a 
seked of 5; palms in later Old Kingdom pyramids? The greater steepness is only 
just appreciable to the eye, so there must have been some other reason for the 
change. In the case of the four 6th-dynasty pyramids, which were all situated at 
Saqqara, these all had a base width of 150 royal cubits and the 5+-palm seked gave 
rise to a height of exactly 100 royal cubits, which may have had an architectural 
appeal. Before the 6th dynasty, only the late-5th-dynasty pyramid of Izezi, also at 
Saqqara, had this neat combination of a base of 150 royal cubits and a height of 100 
royal cubits. Taking the pyramids as a whole, it seems that the architects were not 
particularly concerned about the exact height, which emerged from the very pre- 
cisely selected seked and the space available on the site for the square base. 
Whatever their size, all pyramids with a seked of 5t palms have a ratio of half-base 
width to height of 3 : 4, and so could have been modeled on a 3 : 4 : 5 right-angled 
triangle. There has been argument as to whether the ancient Egyptians knew this 
triangle, and various authorities cited by Gillings [1972, Appendix 51 have asserted 
that there is no evidence that they did. According to Peet [1923, 321, “nothing in 
Egyptian mathematics suggests that the Egyptians were acquainted even with 
special cases of Pythagoras’ theorem.” Nevertheless, the adoption of a seked of 
5f palms does support the tradition that the ancient Egyptians came to know of the 
3 : 4 : 5 relationship (see also [Lumpkin 19801) and suggests that they may have 
decided to use it deliberately in pyramidal design. It may even have formed a 
convenient basis for set squares used by the stonemasons. 
3. OBLIQUE LINES AND THE SMALL CUBIT 
IN TWO-DIMENSIONAL ART 
Oblique straight lines are relatively uncommon in Egyptian graphic art, so that 
when they are used they form a striking feature of the design. Objects that most 
frequently possess such lines are staffs and scepters, the sides of the triangular 
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;tpron worn by the king in front of his kilt, crowns, and the Aton rays emerging 
from the sun disk in scenes of the Amarna period. There is no doubt that they 
lvere most often drawn with a rule, both because of their evenness and because in 
rmfinished scenes the unexpunged continuation of the line can sometimes still be 
lieen. In unfinished monuments from the Middle Kingdom onward, there are often 
surviving traces of the squared grid on which the scene was drawn still present, 
ltnd when this is so, it is often found that an oblique line lies on a grid intersection, 
or will run through one if continued in an upward or downward direction. The 
cluestion to be decided is whether obliques relate to the grid in a systematic way, 
jnvolving a horizontal displacement for a constant drop, comparable to the prac- 
t ice in architecture. 
In the sloping sides of the massive temple gateway known as a pylon, we have 
found a clue that has helped toward the solution of this problem. Pylons have been 
less intensively studied than pyramids, but there is no reason to suppose that they 
‘vere designed on dissimilar principles. We have measured the side faces of Ra- 
inesses II’s pylon at the entrance to the temple of Luxor and have found them to 
have a seked of 1 palm. The same structure is represented two dimensionally in a 
relief on the back wall of the first court of the temple. In the relief there is no 
rurviving grid, but we have measured the obliquity [33 of the side faces of the 
pylon in profile on photographs and have found that the obliques of the relief have 
;L horizontal displacement of 1 unit for a drop of 6 units, not 1 unit for a drop of 7 
rmits as in the actual building [Fig. 11. Our observation has led us to conjecture 
I hat a measuring system similar to the system developed for architecture, but 
1)ased on a drop of 6 units deriving from the small cubit of 6 palms rather than on 
I he royal cubit, may have been used to control obliquity in two-dimensional art. 
The importance of the small cubit in graphic art is borne out by the relationships 
I hat exist between the actual physical dimensions of the human body in life and 
I he artistic ‘&canon of proportions” that was developed for representing them 
i:raphically early in Egyptian history. In estimations of the living stature of well- 
built ancient Egyptian males on the basis of the measured lengths of mummified 
i imb bones [Robins 1983a; Robins & Shute 19831 we arrived at an average figure of 
171 cm or 5 ft 7 in. According to the canon of proportions, a standing male figure 
llrawn on a squared grid, from the Middle Kingdom onward until the beginning of 
1 he 26th dynasty (except for a brief period during and immediately after the reign 
I>f Akhenaton [Robins 1983b,c]), had a height of 18 grid squares from the soles of 
i he feet to the top of the forehead or hairline, and a further square making 19 to the 
i:rown of his head. This fundamental relationship was first recognized by Lepsius 
1884,99-1031. The height of seated figures was 14 squares from soles to hairline, 
Idlowing 4 squares for the thigh [Iversen 19601. If the standing height of a man is 
171 cm and is represented by 19 squares, it follows that, in the canon, a single 
;;quare represents a length of 171 t 19 = 9 cm in modern units. Robins [1982] 
;ipplied grids to a large sample of scenes from a New Kingdom temple and mea- 
f;ured the length of the forearm in male figures, finding the distance between elbow 
bone and fingertips, taken along the long axis of the limb from elbow bone to wrist, 
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FIG. 1. Pylon of Ramesses II, Luxor. Above: drawn from a photograph [Kamal el-Mallakh 1980,851; 
seked of 1 palm (lateral displacement of 1 unit per 7-unit drop). Below: temple relief; obliquity of 1 
(lateral displacement of I unit per 6-unit drop). 
to be relatively constant and equal, on average, to a width of 5 grid squares. The 
forearm, therefore, as drawn, represents a length of 9 x 5 = 45 cm in modern 
units. But we know from surviving measuring rods that 45 cm is equal to a small 
cubit, which was the length of the living forearm from elbow bone to fingertips. 
One may conclude that the artist was at pains to preserve the proportions of the 
forearm relative to the body as a whole, possibly because of the importance of the 
forearm as the living embodiment of the metric small cubit. 
A quite different hypothesis for the length of the forearm was advanced by 
Iversen [ 19751. He claimed that the distance from elbow to fingertips in graphic art 
represented, not a small cubit, but a royal cubit, which is about 52.5 cm. Since he 
measured from the fold of the elbow in front, rather than from the elbow bone 
behind, he was ascribing a longer length to a shorter distance on the limb. He also 
claimed that the elbow-to-fingertip distance was equal, not to 5 grid squares, but 
to 5f squares, whence it followed that a single grid square represented 52.5 + 5.25 
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= 10 cm. At the same time, Iversen worked on the assumption that the canon was 
bar;ed on natural proportions. His theory is unacceptable because no man with the 
buld of the ancient Egyptians, as we know it from their mummies, could have had 
a forearm as long as a royal cubit, and the total male stature according to the 
calron of proportions would have been 190 cm or 6 ft 3 in. 
‘The above considerations suggest that the graphic artist would have been dis- 
posed to think in terms of the small cubit of 6 palms, rather than the royal cubit of 
7 #‘alms used in architecture. Assuming that, sometimes at least, he measured the 
slant of oblique lines and did not draw them at random, and that he used the 
sqtrared grid for this purpose, it would have been natural for him to have taken the 
harizontal displacement for a drop of 6 squares, rather than 7 units as in architec- 
tme. A vertical height of 6 squares was also important in the grid system, since 
one of the most constant dimensions to be found in the canon of proportions is a 6- 
sq~lare vertical distance between the soles of the feet and the knee, that is, one- 
third of the hairline height of 18 squares; this is adhered to even when the lower 
leg, is not itself completely vertical. 
4. MEASUREMENT OF OBLIQUITY; SQUARED GRIDS 
when one attempts to quantify obliquity, it is important to remember that the 
ancient Egyptian grid was often not completely regular. If surviving grid traces are 
pn:sent, they may suffice to complete the grid, so that one can see whether 
oblique lines relate to grid intersections as the artist drew them. If there are no 
grid traces, the best one can do is to try to establish a true horizontal baseline and 
to reconstruct a regular grid on that, subdividing the separation between it and the 
hairline into eighteenths. The verticals in the original grid would have been estab- 
lidled with plumb lines. In most cases it is impracticable to check scenes on site 
and one has to work from photographs; however, sometimes the vertical can be 
identified from features within a scene, and this may help with the precise orienta- 
ticn of a reconstructed grid. So long as the reconstruction is not skew, the exact 
placing of the verticals does not affect measurements of obliquity as such. We 
know, however, from surviving grids that most figures have an axial vertical 
passing through the ear and bisecting the neck and upper trunk. If the position of 
an axial vertical can be established with reasonable certainty, it enables one to see 
whether oblique lines can be related to the intersections of a reconstructed grid. 
3ne problem that can arise in working from published photographs stems from 
thi: fact that too often care has not been taken to avoid distortion due to tilting of 
thr: camera or an oblique view. In our own photographs we avoid such distortion 
by using a shift lens. The seated figures illustrated in Fig. 2 are taken from the 
Ml ddle Kingdom tombs of the provincial governors Sarenput I and II at Aswan. 
F$ure 2 (left), drawn from a photograph by Kamal el-Mallakh [1980, 1501 shows 
Sarenput I holding a staff with an obliquity defined by a horizontal displacement of 
lilgrid squares for a drop of 6 squares. There are no surviving grid traces, but the 
baseline is definite, and we have superimposed a hypothetical 14-square grid 
anpropriate to a seated figure. We have confirmed that the obliquity given above is 
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FIG. 2. Obliquities of staffs. Left: tomb of Sarenput I (after [Kamal el-Mallakh 1980. ISO]). hypothet- 
ical grid; obliquity of 14. Right: tomb of Sarenput II (after [Miiller 1940, Plate 32b]). surviving grid: 
obliquity of I$ (see text). 
correct and that there is no distortion by remeasuring on our own photograph of 
the monument. Figure 2 (right), after a photograph by Miiller [1940, Plate 32b] 
from the unfinished tomb of Sarenput II, shows the tomb owner with a surviving 
grid of 14 squares from baseline to hairline. The points where the staff crosses grid 
intersections give an obliquity of 14 squares for a drop of 6 squares. If, however, 
the obliquity is measured with a protractor consisting of lines drawn on transpar- 
ent acetate with $-unit horizontal displacements for a drop of 6 units, one obtains 
an obliquity of 14 units. The discrepancy appears to be due to a slight tilting of the 
camera, evidenced by the fact that the grid verticals converge in an upward 
direction. 
We have photographed and analyzed four other figures of Sarenput II with 
surviving grid traces from which complete grids can be accurately reconstructed. 
The figures are placed on two pairs of pillars on either side of the central aisle of 
the tomb, and each is in a similar but not quite identical standing position: they 
illustrate the ancient Egyptian liking for partial but not complete symmetry. In 
each case the kilt has been drawn with oblique lines front and back, the latter 
being duplicated; the whole presents a triangular appearance very similar to that 
of the royal aprons illustrated here (Fig. 3). These lines are the only obliques 
present, and with the exception of the front kilt line in one of the representations, 
all are completely straight and have evidently been ruled. In each instance the 
outside back line of the kilt lies on at least one grid intersection. In three of the 
figures, this is the intersection of the most posterior of the grid verticals with the 
lowest of the grid horizontals which are crossed by the back oblique of the kilt. If 
this line is continued upward, it is found to pass through a grid intersection 6 
squares higher and 5 squares away horizontally. The obliquity of all these lines, 
therefore, is that defined by a horizontal displacement of 5 squares for a drop of 6 
squares. If there were a unit of measurement, like the architectural seked but 
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IQG. 3. Obliquities of aprons. Temple of Buhen (after [Caminos 1974, Plates 77, 791. grids completed 
from surviving traces. Inclination of back edges: 4f. Obliquities of front edges: left apron. 4:; right 
aptun. 54. 
based on a drop of 6 units rather than 7, it would here have the value 5. In the 
fotu-th figure of Sarenput II, the back kilt line actually lies on three successive grid 
intersections diagonally, so that it is less steep than in the other instances, and, 
using the same descriptive convention, has an obliquity of 6. The front kilt line of 
tht s figure has its upper end lying on a grid intersection; when the line is continued 
dcwnward it is found to pass through a grid intersection 4 squares lower and 3 
squares away horizontally. By the same convention it has an obliquity of 44. In the 
case of the two other figures with a straight front kilt line, it lies along a line joining 
two grid intersections, the uppermost being at the front of the belt and the lower- 
ml)st just below the lower front peak of the kilt. Again the two intersections are 
separated vertically by 4 squares and horizontally by 3 squares, giving an obliquity 
of 46. 
These observations put it beyond reasonable doubt that the orientation of 
obliques can be grid determined and fits with our hypothesis of the system em- 
pll,yed. Further confirmation is obtained from two reliefs with grid traces in the 
tet,nple of Buhen [Caminos 1974, Plates 77, 791 dating from the time of Hatshepsut 
and Thutmose III in the New Kingdom. Hatshepsut, though a woman, adopted 
th: role and style of king. The reliefs, which are incomplete, show only the lower 
part of the king’s body with the royal apron and are illustrated in Fig. 3 with the 
grids completed. A nomenclature for grid lines has been adopted which makes it 
pcssible to designate grid intersections. Horizontals are numbered serially upward 
from the baseline, which is O(H). What would have been the axial vertical of each 
kiing becomes O(V), and verticals to left and right of this are numbered serially and 
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distinguished by the letters VL and VR. Although only the lower parts of the 
figures survive, the correctness of the grid is evidenced by the levels of the ankles 
and knees on I(H) and 6(H) respectively, which is where they should lie accord- 
ing to the canon of proportions. In each figure the back apron line lies on the 
intersection of 8(H) and l(VL). The front apron line lies on the intersection of 
IO(H) and 2(VR) in Fig. 3 (left) and its upward continuation passes through the 
intersection of 12(H) and O(V) in Fig. 3 (right). The displacements are such as to 
give the back apron line an obliquity of 44 in both figures, and the front apron line 
an obliquity of 4; in Fig. 3 (left) and an obliquity of 5; in Fig. 3 (right). 
5. OBLIQUE LINES AND IRRATIONAL NUMBERS 
Oblique lines have not escaped the attentions of numerologists, notably Schwal- 
ler de Lubicz [ 19571 and his followers. Tompkins [ 1971, 1951 commented on what 
he called “Schwaller’s resolution of the symbolic meaning of the triangular loin- 
cloth worn by the Pharaohs.” He wrote: “Schwaller checked several score of 
these royal napkins for hermetic significance and found that they invariably gave 
two angles whose values were respectively 4 and G.” This version of Schwal- 
ler’s analyses of royal aprons in the temple of Luxor is quite inaccurate. There are 
many examples of royal aprons among the reliefs in this temple, but they do not all 
have the same obliquities, nor does Schwaller say that they do. Schwaller [ 1957 I, 
Chap. 6, Figs. 145B, D] does, however, claim gradients of %$ and 4, respec- 
tively, for the front and back edges of two aprons worn by King Amenhotpe III. 
Our measurement of the same aprons in drawings by Brunner [1977, Plates 70. 
681, who meticulously copied the scenes in part of the temple of Luxor as an 
Egyptological record unrelated to numerology, gives obliquities for the front and 
back edges of the aprons of 5 and 4, respectively, and not the measurements 
claimed by Schwaller. 
Schwaller [1957 2, Plates 62, 63; 3, 245-2511 has also analyzed in a highly 
idiosyncratic way a complex scene from the tomb of Ramesses IX, which fea- 
tures, from left to right, an oblique mummified figure, originally ithyphallic, of the 
god Osiris supported by a snake, an upright mummified figure of the god Ptah on a 
dais accompanied by a small version of the goddess Maat, and a standing figure of 
the king. Schwaller imposed upon the whole scene a single hypothetical grid, 
which cannot be correct because none of the figures has an axial vertical and 
because Ptah’s hairline is not on a grid horizontal as it should be. Sinch Ptah is 
shorter than the king, he was probably drawn on a separate grid, as in Fig. 4. 
The body of the snake supporting Osiris is given a right-angled bend, and 
according to Schwaller it forms the sides of a 3 : 4 : 5 right-angled triangle. This 
might be thought to support the evidence from the pyramids that such a triangle 
was known to the ancient Egyptians, but here the argument is shaky since the 
postulated hypotenuse of the triangle is not axial with respect to the oblique body 
of Osiris and is not perpendicular to the soles of his feet. A line perpendicular to 
his soles would pass through the back of his calves and buttocks and would have 
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,?IG. 4. Tomb of l&messes 1X (after a photograph by Schwaller de Lubicz [ 19571). hypothetical grid. 
Ot liquity of scepters, 2; obliquity of front edge of apron, 4. 
an obliquity of 34, rather than the 44 required for the hypotenuse of a 3 : 4 : 5 right- 
angled triangle. 
The king’s apron in this scene was not discussed by Schwaher, but the grid in 
Fii:. 4 shows it to have an obliquity of 4. He did, however, investigate Ptah’s 
sa:pters and, because of his choice of a baseline passing below rather than 
through the bottom of Osiris’ heel, found them to have different inclinations. The 
sa:pter in the god’s right hand he supposed to have a gradient of @, while that in 
thi: left hand made an angle with the vertical such that its cosine was 3/r. How- 
ever, with the grid oriented as in Fig. 4, the scepters are equally inclined with an 
obliquity of 2. 
6. CONCLUSIONS 
lt has been the custom among Egyptologists to give little attention to the claims 
mltde by Schwaller de Lubicz and other numerologists. We have subjected them 
to detailed criticism because of the regrettable influence that they have wielded on 
nun-Egyptologists with a yearning for mystical interpretations. If there were any 
basis for their ideas, it would be necessary to credit the ancient Egyptians with a 
mrtthematical sophistication which is not borne out by written records. It turns 
out, however, that no such straining of credulity is required. The various propor- 
tidns and relationships that can be extracted from Egyptian works of art and 
an:hitecture can all be explained in terms of relatively simple practical proce- 
dures. The Egyptians, although renowned in the ancient world for their clever- 
ness, were an essentially practical race, strongly religious indeed, but not particu- 
larly given to abstract thought. 
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The claims made by Schwaller de Lubicz for the involvement of irrational 
numbers in graphic art can be dismissed out of hand. Where his work is based on 
drawings, these are not in general accurate enough to justify a precise analysis in 
mathematical terms. Moreover, if enough functions of rr and 4 are considered to 
be legitimate-squares, square roots, reciprocals, and the like-and if these are 
manipulated according to no clearly defined and consistent system, an approxi- 
mate match can be found for almost any set of dimensions. 
The numerological correspondences that have appealed most to the credulous 
have been those relating to the Great pyramid: indeed, dedicated pyramidologists 
often seem to forget that any other pyramids exist. Their apparent success with 
the Great pyramid in obtaining correspondences with n are entirely due to its 
seked’s having the value 5;. which is half of 11. Since the vertical component of 
the seked ratio is 7, there being 7 palms in a royal cubit, conditions are right for 
deriving ratios from the dimensions of the pyramid which involve the approxima- 
tion r = 33. Similarly, ratios involving 4 and #result because *is very nearly 
equal to 7 + 54 or 4/7r and a triangle with sides 1 : V& C$ is right angled. There is 
no reason to believe that the Egyptians at the time of the building of the pyramids 
were aware of these coincidental relationships. 
Although pyramidal heights are specified in examples contained in the Rhind 
mathematical papyrus, it must be remembered that these were intended as exer- 
cises, so that it would be wrong to infer from them that the pyramid designers 
were particularly interested in the heights of the buildings as such. For construc- 
tional reasons, including stability and the, need of the masons to provide accu- 
rately cut facing stones, the prime concern of the architects must have been with 
the seked. Although, because of the way in which true pyramids evolved from the 
mastaba through step pyramids, the primitive seked was 5f palms, the range of 
inclines adopted at different times was quite wide, indicating a willingness to 
experiment:The widest range is found at the last stage of pyramid building in the 
Middle Kingdom when admittedly the workmanship was shoddy, so that present- 
day preservation is poor. The steepest pyramid was that of Amenemhat III with a 
seked of 4f palms, and the flattest that of Senwosret 11 with a seked of 74 palms, 
the same as that of the top of the Old Kingdom Bent pyramid. The seked of 5f 
palms, so popular toward the end of the Old Kingdom, is not found in any surviv- 
ing Middle Kingdom pyramid. 
With regard to graphic art, the evidence of the figures with surviving grids in the 
Middle Kingdom tomb of Sarenput II makes it virtually certain that the obliquity 
of slanting lines was grid determined. It is not surprising that there should have 
been a tendency to rule through grid intersections: the crucial question is whether 
this was a systematic procedure, as in architecture. Here, having accused numer- 
ologists of not making proper allowance for coincidence, one must be careful not 
to fall into the same trap. We have analyzed not only the examples described here 
but many other instances of obliquity, concentrating particularly on scenes where 
the baseline is well defined and the slanting object is long, as is the case with staffs 
and Aton rays. We have found that most often the obliquity in terms of the 
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harizontal displacement for a drop of 6 grid squares can be expressed either as a 
WE ole number of grid squares, or as quarter, half, or three-quarter fractions of a 
sqrlare, as accurately as it is possible to measure. With flatter obliquities, quarter 
ati;l three-quarter fractions become much less common. In the case of an obliquity 
of 2$, this is the same as a horizontal displacement of 3 grid squares for a drop of 8 
sqllares, and we have found a number of instances where the line of the oblique 
1~1s through grid intersections related in this way. This could have been a handy 
method for an artist to obtain an obliquity of 2f. 
[t may seem odd at first, and it has certainly not been suspected before, that the 
ari ist should have taken the trouble to measure obliquity with such care; however, 
doing so would have conferred certain advantages. It would have enabled him to 
rel>eat certain inclinations if he so wished, or to vary them between acceptable 
lidlits. It seems that for certain objects at least, such as aprons and crowns, the 
im:line was important and some obliquities were specially favored. 
NOTES 
. We use here the spelling seked employed by Gillings [1972, 19781; Egyptologists would transliter- 
at8 the word s&d or sqd. 
:!. I f  h/b is the gradient of the pyramidal face (h = height, b = 4 (base)), the true gradient of each edge 
is id(fib). I f  the diagonal of the square base passing through the nearest and farthest corners makes an 
aq :le 8 with the line of vision, approximate values of the apparent gradients x and y  of two adjacent 
vijible edges are given by x = hl(fib sin 0) and y  = hi(fib cos 0). Eliminating 0, we have h/b = 
~!!i(l/x’ + I/y’), giving a value for the seked of 7blh. 
I. We apply the term “obliquity” to the slant of oblique lines in two-dimensional art, since seked as 
a rmit of measurement is attested in Egyptian texts only in an architectural context [Faulkner 1962, 
25111. 
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